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1.1 $\epsilon\in\{\frac{1}{2},0\}$ $N=1$ Virasoro $\mathrm{V}\mathrm{i}\mathrm{r}_{\epsilon}$ $\mathbb{C}$ -vector space





$[G_{m}, G_{n}]_{+}=2L_{m+n}+ \frac{1}{3}(m^{2}-\frac{1}{4})\delta_{m+0}n,C$ ,
$[\mathrm{V}\mathrm{i}\mathrm{r}_{\epsilon}, c]=\{0\}$ .
$\mathbb{Z}_{2}$ -gradation :
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$k\mathrm{f}\doteqdot’\supset_{\mathrm{o}}\mathrm{f}^{\underline{\mathrm{B}}}\mathrm{b}_{\text{ }}$
$( \mathrm{V}\mathrm{i}\mathrm{r}_{\epsilon})_{\pm:}=\oplus \mathbb{C}L_{n}\pm n>0\oplus\bigoplus_{\pm m>0}\mathbb{C}G_{m}$
, $(\mathrm{V}\mathrm{i}\mathrm{r}_{\epsilon})0:=\{$
$\mathbb{C}L_{0^{\oplus}}\mathrm{c}G_{0}\oplus \mathbb{C}c$ $\epsilon=0$ ,
$\mathbb{C}L_{0}\oplus \mathbb{C}c$ $\epsilon=\frac{1}{2}$ ,
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$L_{0}.1_{z,h}:=h1z,h$ , $c.1_{\mathcal{Z},h}:=z1z,h$ , $(\mathrm{i}\mathrm{r}_{\frac{1}{2})}+\cdot 1z,h:=\{0\}$
$\text{ ^{}\backslash \backslash }\not\in \text{ _{ }}$ Verma hlffi $M_{\frac{1}{2}}(z, h)\epsilon$: tl $\text{ ^{}-}C^{\backslash }j\inarrow\ovalbox{\tt\small REJECT} \text{ ^{ }}\iota\ovalbox{\tt\small REJECT}\backslash \S\vee 1$ :
$M_{\frac{1}{2}}(z, h):=\mathrm{I}\mathrm{n}\mathrm{d}_{(\mathrm{r}}\mathrm{v}\mathrm{i}\mathrm{V}\mathrm{i})\mathrm{r}1\tau_{1,\tau\geq^{\mathbb{C}_{z,h}}}$ .
$’\lambda\backslash \iotaarrow\sim\text{ }\epsilon=0\text{ }\ovalbox{\tt\small REJECT}^{\mathrm{A}\text{ } }b\backslash \backslash \text{ }i^{\grave{\grave{\mathrm{Y}}}}\text{ }\check{-}\text{ }\geq \text{ }$ es $(\mathrm{V}\mathrm{i}\mathrm{r}_{0})_{0}fi\tilde{\grave{\backslash }}$ odd element $G_{0}k$ a” $k^{-}C^{\backslash }\backslash \vee$ ) $\text{ }\gamma_{arrow}$’
$\text{ _{ }}\prime y’\grave{\mathrm{J}}\text{ }\ulcorner_{\mathrm{E}}^{\wedge}/|\text{ }\backslash \backslash b^{\text{ _{}\circ}}\text{ }f_{\text{ }^{}\backslash }(\mathrm{V}\mathrm{i}\mathrm{r}\mathrm{o})_{\geq^{-}}\not\supset \mathrm{D}\mathrm{f}\mathrm{f}\mathrm{i}$
$P_{z,h}:=\mathrm{c}1_{z}^{\overline{0}},h\oplus \mathbb{C}1_{z,h}\overline{1}$ , $Q_{z,h}:=\mathbb{C}\tilde{1}^{\overline{0}},\mathrm{c}\tilde{1}_{z,h}zh^{\oplus}\overline{1}$
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$G_{0}^{2}=L_{0-} \frac{1}{24}C$.
$’\lambda\backslash t_{\sim}^{arrow}\text{ }V_{z,h}\not\in:P_{z,h}U)$ irreducible quotient $\not\in;g^{-}\text{ _{ }}$
$V_{z,h}\cong\{$
$\mathbb{C}1_{z,h}^{\overline{0}}$ $h= \frac{1}{24}z$ ,
$P_{z,h}$ $h \neq\frac{1}{24}z$ ,
$\text{ }7\mathrm{f}’\supset \text{ }\vee)\text{ _{}0}\ll^{-}arrowarrow \text{ _{ }}$
$M(z, h):=\mathrm{I}\mathrm{n}\mathrm{d}_{(0\geq}^{\mathrm{V}\mathrm{i}0}V_{z}\mathrm{v}^{\mathrm{r}}\mathrm{i}_{\Gamma)},h$ , $\overline{M}(_{\mathcal{Z}}, h):=\mathrm{I}\mathrm{n}\mathrm{d}_{(\Gamma)}^{\mathrm{v}_{\mathrm{V}}}\mathrm{i}\mathrm{r}0Q_{z}\mathrm{i}0\geq’ h$ , $N(z, h):=\mathrm{I}\mathrm{n}\mathrm{d}_{(0\geq}^{\mathrm{i}\mathrm{r}0}P_{z}\mathrm{i}_{\Gamma)},h$ ,
$\mathrm{a}\ovalbox{\tt\small REJECT}\llcorner \text{ }$ . $\ll^{-}n\ll\underline{\backslash }\backslash \gamma_{\llcorner}$ Verma $\not\supset\lceil\rfloor \mathrm{f}\mathrm{f}\mathrm{i}_{\text{ }}$ (pre-)Verma $\pi_{\mathrm{I}}\text{ _{ }}$ (quasi-)Verma $\not\supset\coprod \mathrm{f}\mathrm{f}\mathrm{i}\text{ _{}\mathrm{F}}\mathrm{p}\mathrm{A}_{\mathrm{O}}$
2
12 (Viro) $\geq$ rma
$M(z, h)$ rma $N(z, h)$ Verma
( $\underline{?)}$ $(!?)_{\text{ }}$ (pre-)Verma
$M$ ( $z$ , ) $P$ $Q_{\text{ }}$
Verma ( $qu$a3 Verma
$h \neq\frac{1}{24}z$
$M(z, h)\cong\overline{M}(Z, h)\cong N$ ( $\mathcal{Z}$ , ).
$= \frac{1}{24}z$
$\overline{M}(_{Z\frac{1}{24}\mathcal{Z}},)\cong M(z, \frac{1}{24}z)\oplus\Pi M(Z, \frac{1}{24}Z)$ (1)
$\Pi$ parity functor




$V_{\lambda}^{\mathcal{T}}:=\{u\in V|L_{0}.u=\lambda u, \deg u=\tau\}$
1.1 $h$ , ’ $\in \mathbb{C}$ $\neq h’$
1. !Von- ivial $\mathrm{V}\mathrm{i}\mathrm{r}_{\frac{1}{2}}$ -module $map$ $\varphi$ : $M_{\frac{1}{2}}$ ( $z$ , $‘$ ) $arrow M_{\frac{1}{2}}$ ( $z$ , )
2. $\varphi$ : $M(z, h’)arrow M(z, h)$ non- ivial $V\mathrm{i}r_{0}$ -module map
60 $h \neq\frac{1}{24}z$
$i$ . $\dim\{M(z, h)_{h^{J}}\tau\}(\mathrm{v}\mathrm{i}\mathrm{r}\mathrm{o})+=1(\forall\tau\in \mathbb{Z}_{2})$ $\varphi$
$ii$ . $\dim\{M(Z, h)^{\mathcal{T}}h’\}(\mathrm{i}_{\Gamma_{0}})_{+}=2(\forall\tau\in \mathbb{Z}_{2})$ $\varphi$
$= \frac{1}{24}z$
$\varphi$
3. $\varphi$ : $M(z, \text{ ^{}\prime})arrow\overline{M}(z, \frac{1}{24}z)$ non-trivial Viro-module map $\circ$ $\varphi$
Img $\cap M(z, \frac{1}{24}z)\neq\{0\}$ A ${\rm Im} \varphi\cap\square M(z, \frac{1}{24}z)\neq\{0\}$
13 :
$\dim\{M(z, h)_{h}^{\overline{0}()},\}\mathrm{V}\mathrm{i}_{\Gamma}0+=\dim\{M(z, h)_{h}^{\overline{1}},\}(\mathrm{v}\mathrm{i}\mathrm{r}_{0})+\leq 2$.
3
Neveu-Schwarz $\mathrm{V}\mathrm{i}\mathrm{r}_{\frac{1}{2}}$ Virasoro
! ‘ ’ Ramond
Viro
2 Super-Symmetric Point (‘ ’ $?$ )
Verma Verma Highest weight
$p,$ $q\in 2\mathbb{Z}_{>0}$ $( \frac{p-q}{2}, q)=1$
$z_{\pm}$







2.1 $\dim\{M(z, h)_{h}^{\tau}’\}(:\mathrm{r}_{0})+=2(\forall\tau\in \mathbb{Z}_{2})$
$z=z_{\sigma}$ , = i, ’=hj $\sigma(j-i)>0$
$p,$ $q\in 2\mathbb{Z}_{>0_{f}}\sigma\in\{\pm\}$ $i,j\in \mathbb{Z}_{>0}$
$\text{ }\mathrm{T}_{\text{ }}\ovalbox{\tt\small REJECT} \text{ _{ }}$ $z=z_{+}- \text{ _{ }}$
$p,$ $q$





story , 1.1 injective map
:
4
$\backslash \cdot 1$ : Diagram
$h\in \mathbb{C}$ [ ] $:=M(z, h),$ $[h]:=\acute{\overline{M}}(z, h)$






$(i_{k}, \epsilon_{k}),$ $\cdots$ , $(i_{1}, \epsilon_{1})\in \mathbb{Z}_{>0}\cross \mathbb{Z}_{2}$ $\delta\in\{0,1\}$
$m_{(),\cdot\cdot(i_{1}}i_{k},\epsilon_{k}\delta.,,\epsilon 1):=x_{-i-}\epsilon_{k\Xi_{1}}\ldots G0\delta 1\otimes 1z,h\overline{0}$
$\{m_{(i_{k^{\xi}},k}),\cdot\delta..,(i_{1^{\xi}},1)|^{1}\leq i_{1}\sum_{j=1}^{k}6_{j}+\delta\overline{1}=’\overline{0}.,\cdot.\epsilon_{s}=1\leq\cdots\leq i_{k},\epsilon 1\epsilon k\in \mathbb{Z}2,\sum_{\Rightarrow i_{S}}j=1j=h^{;}-k<iis+1h\}$
$M(z, \text{ })_{h^{J}}^{\overline{0}}(h\neq\frac{1}{24}z)$ $h= \frac{1}{24}z$ $\delta=0$
$M(z, h)_{h}^{\overline{0}}$, :
22 $\dim\{M(Z, h)_{h’}\tau\}^{(^{}\mathrm{i}\mathrm{r}_{0}})+=2(\forall\tau\in \mathbb{Z}_{2})$
$w= \sum P_{(\mathcal{E}})i_{k,k},\cdot\cdot(i_{1^{\mathcal{E}}},1)(ik,\epsilon k),\cdot\cdot,(i\delta.,m\delta.1,\epsilon 1)\in\{M(_{\mathcal{Z}}, h)_{h’}^{\overline{0}}\}^{(}\mathrm{i}\mathrm{r}\mathrm{o})+\backslash \{\mathrm{o}\}$
$(P_{(1,\overline{0})}^{0}, {}_{n}P1)(1,\overline{1}),(1,\overline{0})^{n-1}\in \mathbb{C}^{2}$ parametrize
$(P, Q)$ $:=(P_{(1,\overline{0}}^{0}P^{1}-1\mathrm{I}\in \mathbb{C})n’(1,\overline{1}),(1,\overline{0})n2$
$aP+bQ=0$ $(a, b\in \mathbb{C})$
5
$w$ $w_{aP+bQ}$ $h= \frac{1}{24}z$ $\dim\{M(z, h)^{\overline{0},(\mathrm{i}\mathrm{r})}h\}0+=$
$1$ $Q=0$ $w\in\{M(z, h)_{h}\overline{0}\}’(\mathrm{v}\mathrm{i}\mathrm{r}\mathrm{o})_{+}\backslash \{0\}$ $w_{Q}$
$\exists v\in\{M(z, \text{ })_{h’}^{\overline{0}}\}^{(\mathrm{i}_{\Gamma})_{+}}\mathrm{v}0\backslash \{0\},$ $\exists w\in\{M(z, h)^{\overline{0}(^{\mathrm{i}\mathrm{I}}\cdot)}hl’\}0+\backslash \{0\}$ $h”>h’$
$w\in U((\mathrm{V}\mathrm{i}\mathrm{r}_{0})-)v$
$varrow w$




$h_{0}$ $v_{z,h_{0}}$ $M(z, h_{1})$
$\downarrow$
$h_{1}$ $w_{Q}$ $v_{z,h_{1}}$ $M(z, h_{2})$
$h_{2}$













1.1 non-trivial $Vir_{0}$-module map
:
23 $i>i>0$ $\varphi$ : $M(z, h_{j})arrow M(z, h_{i})$ non-trivial
$Vir_{0}$ -module map $0$
$\varphi(v_{z,h_{j}})\in \mathbb{C}w_{2PQ}+\cup \mathbb{C}w_{Q}$
$\mathrm{K}\mathrm{e}\mathrm{r}\varphi,$ ${\rm Im}\varphi$ highest weight module$L(z,$ $h_{\mathit{0})}$
Bernstein-Gel’fand-Gel’fand Resolution $\circ$
24
$arrow M(z, h_{2})arrow M(z, h_{1})arrow M(z, \text{ }0)arrow L(z,$ $\text{ _{}0)}arrow 0$ .
6
- Verma $M$ ( $z$ , i)
Verma (pre-Verma ) $N(z, h_{0})$
:






$M(z, \frac{1}{24}z)$ highest weight vector $\pi$
(2) $N(z, \frac{1}{24}z)$
$N(z,Z\overline{2^{\wedge}4})=\Pi M(Z,Z\overline{2^{-}4})\oplus M(_{Z},Z)\overline{2^{-}4}$
$N(z, \frac{1}{24}z)$ $\square M(z, \frac{1}{24}z)$
$\mathrm{p}\mathrm{r}$
$i\in \mathbb{Z}_{>0}$ $w_{i},$
$w_{i}^{\Pi}$ $M(z, \frac{1}{24}\mathcal{Z})_{h:},$ $\Pi M(z, \frac{1}{24}z)h_{i}$
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